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Two recent measurements of inclusive jet, 2-jet and 3-jet cross sections in deep-inelastic ep 
scattering from the HI collaboration are presented. The measurements are performed at low 
5 < < 100 GeV2 and high 150 < < 15000 GeV^ virtuaHties of the exchanged boson. The 
obtained cross sections are in good agreement with perturbative QCD calculations at NLO and 
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the high and low regimes, respectively. The error on the obtained value of as{Mz) is domi- 
nated by the theoretical uncertainties which are mostly due to missing higher orders. At low 
the uncertainty due to terms beyond NLO amounts to 7.5%. The determination of a, at various 
scales shows the running of the strong coupling over a large range. 
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1. Jet production in deep-inelastic scattering 

Jet production in ep scattering provides stringent tests of perturbative QCD and an independent 
assessment of the gluon contribution to parton density functions (PDFs). In contrast to inclusive 
DIS, the Born contribution to jet cross sections is directly sensitive to the strong coupling a^, 
making them an important tool for its determination. 

In two recent analyses by the HI collaboration jet production in the Breit frame is measured 
at low virtuality of the exchanged boson 5 < 2^ < 100 GeV^ [[T]] and at high virtuality 150 < 2^ < 
15000 GeV2 [|]. The inelasticity y is in both cases restricted to the range 0.2 <y < 0.7 and the jet 
transverse momenta Pj are measured in the Breit frame. In order to suppress the Bom contribution 
to inclusive neutral current ep scattering, which is independent of a^, significant jet Pj in the Breit 
frame is required. To ensure jets are well contained within the acceptance of the LAr calorimeter 
their pseudorapidities^ in the laboratory frame have to be within — 1.0 < T]/j^' < 2.5 with slightly 
stricter cuts for the high measurement. Jets are found in the Breit frame using the longitudinally 
invariant kj algorithm with Rq = 1 and the massless Pj recombination scheme. 

In figure lU inclusive jet, 2-jet and 3-jet cross sections as functions of and Pj^bs are shown 
for the low measurement. PT,ohs denotes the Pj of the jet for inclusive jets and the average 
transverse momentum {Pt) of the two leading jets in 2- and 3-jet events. The data are compared 
to NLO calculations ||3|] where the factorisation and renormalisation scales pLf and /i^ were chosen 

to be ^J {Q^ + Pt obs) 1'^- Different choices of jir involving only or Pr.obs are disfavoured by the 
data. The choice of the mixed scale for }Xr provides a good description of the data by the fixed- 
order calculation even at low where Pr^obs is the larger scale. Additionally it yields a smooth 
transition to the photoproduction regime with « 0. The uncertainty on the NLO calculation due 
to missing higher orders is estimated by independently varying up and down /X/ and /i^ by a factor 
of 2. It is up to 3 times as large as the experimental uncertainty, which is dominated by the jet 
energy scale uncertainty and the uncertainty on the detector acceptance correction. 

For the high measurement, jet cross sections are normalised to the inclusive DIS cross 
sections. In this case, /x,- has the same functional dependence as described above while the factori- 
sation scale is set to Q which is the natural choice for inclusive DIS. The normalised cross sections 
have smaller experimental uncertainties because of a partial cancellation of correlated uncertain- 
ties. The theoretical uncertainties are also reduced, owing to cancellations in the scale and PDF 
dependencies. 

In leading order jet production the momentum fraction of the proton carried by the struck 
parton is i§ = xbj ( 1 +^^2 ) > ^i'^h xsj denoting the Bjorken scaling variable and M\2 the invariant 
mass of the two leading jets. At low and t, boson-gluon fusion dominates jet production, making 
it directly sensitive to the gluon content of the proton. The 2-jet cross sections are measured as 
function of ^ which can provide valuable input for PDF determinations. 

2. Determination of the strong coupling 

The strong coupling is obtained separately for the high and low analyses from normalised 
and non-normalised cross sections, respectively. Fits are performed simultaneously to inclusive jet, 

'The pseudorapidity 7] is defined as — ln(tan(0/2)) where 6 is the polar angle in the HI coordinate system. 
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Inclusive Jet, 2-Jet and 3-Jet Cross Sections 
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Figure 1: Inclusive jet cross sections (a), (b), 2-jet cross sections (c), (d) and 3-jet cross sections (e), (f) 
as function of (left) and Pt or {Pt) (right). The experimental data are compared to NLO predictions 
corrected for hadronisation effects. 

2-jet and 3-jet cross sections in bins of and Pr.obs, yielding 54 and 62 data points for the high 
and low measurements. For the latter measurement, data points with a ^-factor above 2.5 are 
not considered in the fit where the ^-factor is defined as the ratio of the NLO to LO cross sections. 
Large values of this ratio suggest a slow convergence of the perturbative series. The obtained values 
for as at the mass are 

a,(Mz) = 0.1168 ± 0.0007(exp.)i;5:Jj°^^(th.) ±0.0016(pdf) (2.1) 

for the high measurement and 

a,(Mz) =0.1 160 ±0.0014(exp.)l°;|j°^^(th.)±0.0016(pdf) (2.2) 

for the low measurement. The smaller experimental uncertainty for the high analysis ( p!l| ) 
is due to the use of normalised cross sections. The theoretical uncertainty is the uncertainty on the 
hadronisation correction and the uncertainty arising from missing higher orders added in quadra- 
ture. The latter is obtained from a fit of as{Mz) with jx^ and jXf varied up and down by a factor 
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from Jet Cross Sections from 3-Jet to 2-Jet Ratio 
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Figure 2: Values of o:.v(/ir) obtained from the low measurement from a simultaneous fit to the inclusive, 
2-jet and 3-jet cross sections (a) and from a fit to the 3-jet to 2-jet ratio (b). 

of 2. At low Q^, higher orders become more important and the theoretical uncertainty on as{Mz) 
becomes twice as large as for the high measurement. This yields a theoretical uncertainty which 
is about six times larger than the experimental uncertainty. 

Figure ^ shows values of as{pir) obtained for each bin from the low analysis. The solid 
line indicates the two-loop solution of the renormalisation group equation (RGB) evolved from 
05.v(Mz). The red and grey bands show the experimental and theoretical combined with the PDF 
uncertainties ( |2.2| ), respectively. Using the 3-jet to 2-jet ratio CJ3_jet/cJ2-jet for the determination of 
the strong coupling leads to a reduced theoretical uncertainty with the disadvantage of an increased 
statistical uncertainty (figure ^). This could be improved by analysing the full HERA2 dataset. 

For the extraction of as{Mz) the CTEQ6.5M PDF is used and the uncertainty due to the choice 
of PDF is estimated using its error set. Alternatively to the Hessian method, the strong coupling 
has been extracted using the CTEQ6.6M PDF set which is obtained with different assumptions on 
Ois{Mz)- The result is compatible with the quoted values of as{Mz) above, well within one standard 
deviation of the experimental uncertainty. 

Obtained values of as{lXr) from both analyses are shown in figure ^ together with the two- 
loop solution of the RGB using as{Mz) from the high analysis ( |2.1| ). Considering the large 
theoretical uncertainties in the low regime the agreement is remarkable. The results from both 
measurements provide a test of the running of the strong coupling over a range from 6 to 70 GeV. 
A simultaneous fit to all data points from both analyses does not improve the precision on a^iMz) 
due to the large theoretical uncertainties at low Q^. 

3. Comparison with other measurements 

A summary of recent measurements of as{Mz) obtained from jet cross sections in deep- 
inelastic scattering is shown in figure Also shown are the two most precise determinations 
of the strong coupling from jets in e^e^ annihilation [Q] and in hadron-hadron collisions ^ to- 
gether with the world average ||6|]. The DIS jet measurements are competitive with those from other 
experiments and compatible with the world average. The experimental uncertainties from the HI 
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a„from Jet Cross Sections in DIS 



HI data for 5 < < 100 GeV^ 
HI data for 0^ > 150 GeV^ 
Fit from 0' > 150 GeV [arXiv:0904.3870] 

= 0.1 1 68 ± 0.0007 (exp.) ^^'^ (th.) ± 0.0016 (PDF) 

I Central value and exp. unc. 
Theory@PDF unc. 
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Figure 3: (a) Values of as{jXr) obtained from the measurement at low (squares) and at high (circles), 
(b) Recent as{Mz) measurements obtained from jets in DIS, compared to the most precise measurements 
from jets in e+e^ annihilation and pp scattering. The world average is shown as coloured band. 



measurements are smaller than the ZEUS ones because of a simultaneous fit to inclusive jet, 2-jet 
and 3-jet cross sections, whereas the ZEUS extractions only use inclusive jet cross sections. At 
high the use of normalised jet cross sections also significantly reduces the experimental uncer- 
tainty of the HI measurement. The ZEUS method to estimate the uncertainty coming from missing 
terms beyond NLO yields a smaller theoretical uncertainty than the HI method. Additionally, the 
ZEUS restriction of the fit range to > 500 GeV^ reduces the theoretical uncertainty with the 
drawback of increasing the experimental uncertainty. To make full use of the very precise jet data 
from deep-inelastic scattering NNLO calculations are essential, where the largest benefit would be 
at low Q^. 
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